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(57) ABSTRACT 

Embodiments of the present invention include a system and 
method of dynamic space-frequency-division multiple-ac 
cess for the uplink from terminals to a base-station. The 
system includes a base-station and multiple terminals. 
According to different spatial mapping modes, the base 
station performs an optimization computation using an opti 
mization function in order to obtain control information for 
controlling terminals; after receiving the control informa 
tion, the user terminal controls the transmitting mode using 
this control information. The method includes the following 
operations: at the base-station, performing an optimization 
computation using an optimization function according to 
different spatial mapping modes respectively, in order to 
obtain control information for controlling terminals; at the 
user terminal, controlling a transmitting mode using the 
control information after receiving the above control infor 
mation. An embodiment of the present invention can achieve 
a higher system capacity by balancing resource allocation 
among different users in a domain of transmission power, 
bandwidth and spatial channels. 
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COMMUNICATION SYSTEMAND METHOD OF 
DYNAMIC SPACE-FREQUENCY-DIVISION 
MULTIPLE-ACCESS FOR UPLINK FROM 

TERMINALS TO BASE-STATION 

PRIORITY 

0001. The present application claims priority to and 
incorporates by reference the entire contents of Chinese 
priority document 200510135998.7, filed in China on Dec. 
29, 2005. 

FIELD OF THE INVENTION 

0002 The present invention relates to a wireless com 
munication field and more particularly to a communication 
system and method of dynamic space-frequency-division of 
uplink from terminals to a base-station. 

BACKGROUND OF THE INVENTION 

0003. In the future 4G wireless communication systems, 
higher rate services of Some users require a higher trans 
mission rate and different mobile terminals which require 
different low rates need to share wireless frequency 
resources. However, a conflict between limited wireless 
frequency resources and increasing wireless communication 
link requirement is intensified. 
0004 The following references 1 to 6 analyze the 
signal multiplexing modes required by the 4G wireless 
communication system. A multiple-carrier transmission is 
recommended as a better 4G wireless technique than a 
single-carrier transmission. At the same time, a system 
Solution with a multi-input and multi-output using multiple 
antennas is one of the recommended features of the 4G 
wireless communication system. 
0005] 1 N. S. J. Chuang, “Beyond 3G: wideband wire 
less data access based on OFDM and dynamic packet 
assignment.” IEEE Commun. Mag., pp. 78-87, July 2000. 

0006) 2 A. Ghosh, D. R. Wolter, J. G. Andrews, R. 
Chen, “Broadband wireless access with wimax/802.16: 
current performance benchmarks and future potential.” 
IEEE Commun. Mag., vol. 43, no. 2, pp. 129-136, Feb 
ruary 2005. 

0007 3 G. L. Stuber, J. R. Barry, S. W. Mclaughlin, Y. 
Li, M. A. Ingram, T. G. Pratt, “Broadband MIMO-OFDM 
wireless communications.” Proceedings of the IEEE, Vol. 
92, no. 2, pp. 271-294, February 2004. 

0008) 4 H. Sampath, S. Talwar, J. Tellado, V. Erceg, A. 
Paulraj, “A fourth generation MIMO-OFDM broadband 
wireless system: design, performance, and field trial 
results.” IEEE Commun. Mag., vol. 40, no. 9, pp. 143 
149, September 2002. 

0009) 5 L. L. Yang, L. Hanzo, “Multi-carrier 
DS-CDMA: A multiple-access scheme for ubiquitous 
broadband wireless communications.” IEEE Commun. 
Mag., pp. 116-124, October 2003. 

0010) 6 B. G. Evans, K. Baughan, “Visions of 4G 
Electronics and Communication. 

0011. In a traditional OFDMA uplink system, since a 
fixed frequency band is used for communication and the 
different channel states and Statistic characteristics of noise 
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and interferences are not taken into account, the frequency 
resource cannot be fully utilized. A channel capacity pro 
vided by the OFDMA system is far different from that 
deduced by The Information Theory. 
0012. With multi-antenna technology, different users can 
share a wireless channel by different spatial channels in a 
same subcarrier or using different subcarriers or the combi 
nation of these two. However, adding a resource for one user 
means reducing a resource for another user. A typical case is 
that for users using different spatial channels in the co 
frequency channels, when a power of one user increases, 
interference on other users will increase. 

0013 The following references 7 to 19 analyze mul 
tiple antenna technologies, signal multiplexing modes, cor 
responding system capacities and methods for increasing 
system capacity. A common sense in these references is that 
in a domain of transmission power, bandwidth and spatial 
channel, resource allocation should be balanced among 
different users in order to achieve a higher system capacity. 
0014 7 L. L. Yang, L. Hanzo, “Software-defined-radio 
assisted adaptive broadband frequency hopping multicar 
rier DS-CDMA, IEEE Commun. Mag., pp. 174-183, 
March 2002. 

00.15 8E. Telatar, “Capacity of multi-antenna Gaussian 
channels.” European Trans. on Telecommun., Vol. 10, no. 
6, pp. 585-595, November/December 1999. 

0016 9 D. Tse and P. Viswanath, Fundamentals of 
Wireless Communication. Cambridge University Press, 
May 2005. 

00.17 10 M. Gharavi-Alkhansari, A. B. Gershman, 
“Fast antenna subset selection in MIMO systems.” IEEE 
Trans. Signal Processing, vol. 52, no. 2, pp. 339-347, 
February 2004. 

0018 11 E. A. Jorswieck, H. Boche, “Performance 
analysis of capacity of MIMO systems under multiuser 
interference based on worst-case noise behavior.” EUR 
ASIP Journal on Wireless Communications and Network 
ing, vol. 2, pp. 273-285, 2004. 

0.019 12 S. Serbetli, A. Yener, “Time-slotted multiuser 
MIMO systems: beam forming and scheduling strategies.” 
EURASIP Journal on Wireless Communications and Net 
working, vol. 2, pp. 286-296, 2004. 

0020 13 R. S. Blum, J. H. Winters, N. R. Sollenberger, 
“On the capacity of cellular systems with MIMO, IEEE 
Commun. Lett., vol. 6, pp. 242-244, June 2002. 

0021 14 H. Boche, E. A. Jorswieck, "Sum capacity 
optimization of the MIMO Gaussian MAC. The 5th 
International Symposium on Wireless Personal Multime 
dia Communications, vol. 1, pp. 130-134, 27-30 October 
2002. 

0022 15 S. Serbetli, A. Yener, “Transceiver optimiza 
tion for multiuser MIMO systems.” IEEE Trans. Signal 
Processing, vol. 52, no. 1, pp. 214-226, January 2004. 

0023 16 E. A. Jorswieck, H. Boche, “Transmission 
strategies for the MIMO MAC with MMSE receiver: 
average MSE optimization and achievable individual 
MSE region.” IEEE Trans. Signal Processing, vol. 51, no. 
11, pp. 2872-2881, November 2003. 
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0024 17 K. N. Lau, “Analytical framework for mul 
tiuser uplink MIMO spacetime scheduling design with 
convex utility functions.” IEEE Trans. Wireless Com 
mun., vol. 3, no. 9, pp. 1832-1843, September 2004. 

0025 18 D. P. Palomar, J. M. Ciofi, M. A. Lagunas, 
“Joint Tx-RX beam forming design for multicarrier MIMO 
channels: a unified framework for convex optimization'. 
IEEE Trans. Signal Processing, vol. 51, no. 9, pp. 2381 
2401, September 2003. 

0026) 19 Wonjong Rhee, W. Yu, J. M. Ciofi, “The 
optimality of beam forming in uplink multiuser wireless 
systems.” IEEE Trans. Wireless Commun., vol. 3, no. 1, 
pp. 86-96, January 2004. 

0027 Based on the above references, the present inven 
tion provides a communication systems and method of 
dynamic space-frequency-division multiple-access for 
uplink from terminals to a base-station. 

SUMMARY OF THE INVENTION 

0028. A communication system and method of dynamic 
space-frequency-division multiple-access for uplink from 
terminals to base-station are described. In one embodiment, 
a communication system with dynamic space-frequency 
division multiple-access for uplink from terminals to a 
base-station, comprising a base-station and multiple termi 
nals, wherein, the base-station, according to different spatial 
mapping modes, performs an optimization computation 
using an optimization function in order to obtain control 
information for controlling terminals; and the user terminal, 
after receiving the control information, controls the trans 
mitting mode using the control information. 
in orderin order 

DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a diagram showing a transmitter of the K" 
terminal in a communication system of dynamic space 
frequency-division multiple-access for uplink from termi 
nals to a base-station; 
0030 FIG. 2 is a diagram showing architecture of a 
receiver in a base-station in the communication system of 
dynamic space-frequency-division multiple-access for 
uplink from terminals to a base-station; 
0031 FIG. 3 and FIG. 4 show simulation results of 
overall communication capacity of systems with different 
wireless communication uplink control modes. 

DETAILED DESCRIPTION 

0032. One embodiment of the present invention com 
prises a communication system of dynamic space-fre 
quency-division multiple-access for uplink from terminals 
to a base-station. 

0033. Another embodiment of the present invention com 
prises a communication method of dynamic space-fre 
quency-division multiple-access for uplink from terminals 
to a base-station. 

0034. The communication system of dynamic space 
frequency-division multiple-access for uplink from termi 
nals to a base-station includes a base-station and multiple 
terminals. According to different spatial mapping modes, the 
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base-station performs an optimization computation using an 
optimization function in order to obtain control information 
for controlling terminals; after receiving the control infor 
mation, the user terminal controls the transmitting mode 
using the control information. 
0035. The communication method of dynamic space 
frequency-division multiple-access for uplink from termi 
nals to a base-station includes the following operations: 
0036 first, at the base-station, performing an optimiza 
tion computation using an optimization function according 
to different spatial mapping modes, in order to obtain control 
information for controlling terminals; 
0037 second, at the terminal, controlling a transmitting 
mode of a transmitter using the control information after 
receiving the control information. 
0038 Compared with prior arts, the present invention can 
achieve a higher system capacity and increase the utilization 
of frequency resource by balancing resource allocation 
among different users in a domain of transmission power, 
bandwidth and spatial channel. The result is that the con 
tradiction between limited wireless frequency resources and 
increasing wireless communication link requirement is 
effectively mitigated. 

0039. It is the core consideration and theoretic base of the 
present invention to balance resource allocation among 
different users in a domain of transmission power, band 
width and spatial channel mentioned in the above references 
7 to 19 and to achieve a higher system capacity. This 
theory is embodied in the computation and transmission 
control of transmission parameters of the uplink multi-user 
and multi-carrier signals. 
0040. One solution of the present invention performs 
optimization computation and control of the parameters of 
all the user transmitters and base-station receivers jointly 
and dynamically at realtime while the constraints are the 
reasonably kept at a minimum (no matter the explicitly or 
implicitly conditions). This solution is different from the 
commonly adopted technologies, which perform optimiza 
tion computation and control of partial parameters or of all 
parameters in sequential steps. Optimization computation 
and control of part parameters or of all parameters in 
sequential steps assumes implicitly constraints so that the 
overall optimization cannot be achieved. The typical solu 
tions include: 

0041) 1) a mode with adaptive orthogonal frequency 
division multiplexing with transmitting antenna diversity 
and for allocating frequency resource to the users sequen 
tially and averagely and for allocating power to different 
users averagely; and 
0042. 2) a method for allocating frequency resource to 
the users sequentially but allocating power to different users 
dynamically. 

0043. One proposed solution of the present invention can 
realize the parameter optimization jointly, dynamically and 
with a minimum constraints and at the same time, takes into 
account System implementation complexity etc. 

0044) For the nomadic link (slow movement link) with 
multi-antenna, a near-instantaneous dynamic power alloca 
tion, bandwidth allocation and space subchannel allocation 
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benefit for the realtime, and balanced use of the wireless 
communication resource of the uplink from terminals to a 
base-station and improve the frequency efficiency. Espe 
cially for broadband multiple access, it is necessary to 
optimize the control of parameters such as allocation of 
space and frequency Subchannels and the corresponding 
power in order to adapt to the channel quality of different 
Subchannels dynamically used by different users and adapt 
to the corresponding interference and noise statistic charac 
teristic parameters so that the system capacity can be greatly 
improved. The communication method of dynamic space 
frequency-division multiple-access for uplink from termi 
nals to a base-station is one of the Solutions based on the 
above knowledge. 

0045. At the same time, high system flexibility and good 
system resource allocation are necessary factors for a high 
performance system while the present invention enhances 
these factors. In addition, the performance of the commu 
nication system in this embodiment Supports and provides 
different priority settings for a variety of rates required by 
different users. For terminals equipped with different anten 
nas, the Solution in this embodiment is a complicated 
problem. Thus, an embodiment of the present invention 
provides a control method, which Supports good system 
flexibility and fine granularity of wireless communication 
system resource allocation and is adaptive to using different 
numbers of multi-antennas. 

0046. In addition to the above several characteristics, the 
adaptive antenna selection technology is an effective method 
to balance system complexity and system performance. 
Specifically, the processing complexity is reduced so that the 
feasibility of using a lot of antennas at the transmitter or the 
receiver is enhanced. The solution of the present invention 
covers this technology and proposes the specific parameter 
computation method for adaptive transmitter or receiver 
antenna selection technology. 

0047 The communication system and method of 
dynamic space-frequency-division multiple-access for 
uplink from terminals to a base-station in the present inven 
tion will be explained with reference to the drawings. 

0.048. The present invention relates to the communication 
system and method of dynamic space-frequency-division 
multiple-access for uplink from terminals to a base-station. 
FIG. 1 is a diagram showing a transmitter of the K" terminal 
in a communication system of dynamic space-frequency 
division multiple-access for uplink from terminals to a 
base-station. This transmitter includes a forward-error-cor 
rection unit, control units A, B and C, multiple Inverse 
Discrete Fourier Transform units, multiple RF front-ends 
and the transmitting antennas. 

0049) Specifically, after the user data of the K" user pass 
the forward-error-correction unit, they will be series-parallel 
transformed and are mapped into predefined symbols. 

0050. The control unit A receives the control information 
from the base-station. The control information is the trans 
mitting control information computed with the optimization 
function of the present invention. 

0051 Signal spatial mapping is a common knowledge for 
those skilled in the art. There are normally two modes: A) 
direct spatial mapping; B) eigen-vector beam forming. 
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0052. In one embodiment of the present invention, the 
base-station performs the optimization computation with a 
different optimization function according to the two modes 
respectively and obtains the transmitting control information 
controlling terminals. 

0053 A) as for the spatial mapping mode with direct 
spatial mapping, the optimization function is described in 
equation (1): 

W (1) 
{Tiki), RFI. C. PIR...} = arg 3X X);4, 

{Tik. Rick Pik. -1 

0054) where T represents the set of the transmitting 
antennas used by the K" terminal on the i' subcarrier; 
0055) R represents the set of the receiving antennas 
used by the base-station on the i' subcarrier; 
0056 C represents the set of the subcarriers used by the 
K" terminal; 
0057 Prepresents the transmitting power of the Kth 
terminal on the i' subcarrier. 

0058. It can be seen that for the spatial mapping mode 
with direct spatial mapping, the control information to be 
computed by the base-station includes T. R. C. P. 
and adaptive modulation mode parameter 1. 
0059. In the above equation, Y is the priority coefficient C Yk p 
of the K" user. 

0060 1) when the channel has a full column rank: 

(2a) 
Piki a-H 

4k -Xo deto. +(litic? ..) ie C |R |Tiki IK-(i) k,i 
&E k 

-l 

Piil H lip. + X. Hill H. |R Till K-6) f i.il 
jet; itk 

0061 in the equation (2), Irrepresents the unit matrix 
(square matrix) and the size of the matrix is Rill: 
0062) Hiki is the Submatrix corresponding to the antenna 
selection according to the channel matrix, K. is the cova 
riance matrix of the noise on the i' subcarrier. Hill" is the 
conjugate transpose of the Fri 

0063. 2) when the channel is not a full column rank: 

(2b) 
Piki H 

de K-1 + (lit. |Tiki IK-(i) jet; 
{k a log- H - 
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0064 the constraints are 

X. pils P. (3) 

0065 where P represents the overall power of each 
subcarrier of the K" user; 
0.066 F represents the constraint value of the number of 
Subcarriers. 

0067 B) as for the spatial mapping mode with eigen 
vector beam forming, the optimization function is described 
in equation (4): 

W (4) 

0068 For the spatial mapping mode with eigen-vector 
beam forming, the control information to be computed by the 
base-station only includes R. C. pland adaptive modu 
lation mode parameter 1. 
0069 R represents the set of the receiving antennas 
used by the base-station on the "subcarrier; 
0070 C, represents the set of the subcarriers used by the 
K" terminal; 
(0071) Prepresents the transmitting power of the Kth 
terminal on the i' subcarrier. 

0072. It can be seen that for the spatial mapping mode 
with eigen-vector beam forming, the control information to 
be computed by the base-station only includes R. C. P. 
and adaptive modulation mode parameter 1. 
0073. In the above equation, Y is the priority coefficient 
of the Kth user. 

0074 1) when the channel has a full column rank: 

H X H. KHC 
jeti.itk 

--- y H {k a ide, -- (H.K. HE) K+ 
ie C 

0075 in the equation (5), Irrepresents the unit matrix 
(square matrix) and the size of the matrix is Rill: 

0076). He is the channel matrix of the K" terminal on 
the i' subcarrier, K is the covariance matrix of the noise 
on the i' subcarrier, K. i is the covariance matrix of j" 
terminal on the i subcarrier signal, Hill" is the conjugate 
transpose of the Hil 
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0077. 2) when the channel is not a full column rank: 

(5b) 
H detK+ X Hill KHZ 

jet; 
At a log 

H ie C ex -- X. Hj. K.HC. 
Jetiikk 

0078 the constraints are: 

6 X Tr(K)s P. (6) 
ie C. 

C. C. F 

Ris X. |Tiki 
keUi 

0079 where Tr represents the matrix trace computation; 
0080 P represents the constraints value of the overall 
power of each subcarrier of the K" user; 
0081 F represents the constraint value of the number of 
Subcarriers. 

0082) When the system adopts the spatial mapping mode 
with eigen-vector beamforming, K. i is obtained by using 
the following equation (7) in the control unit A: 

Kxvii) Vri." (7) 
I0083) where v is the beamforming vector of the th 
subcarrier of the K" user and VI." is the conjugation 
inversion of the beamforming vector vil 
0084. The control unit A of the user terminal can use the 
channel information and get the beamforming vector vi by 
singular decomposition of the channel matrix, where vil 
represents the beam forming vector v of the i" subcarrier 
of the K" user and is obtained by computing the following 
operation: 

H Hip-UijkAij Vrijk (8) 

I0085) where His the channel matrix of the K" terminal 
on the i' subcarrier, Up is the left unitary matrix of the 

(5a) 

channel matrix decomposition, A is the singular value 
diagonal matrix and Vti." is the right unitary matrix of the 
channel matrix decomposition. 

0086) The above is the optimization function used by the 
base-station to compute the control information, and at the 
same time, the base-station computes the signal/noise power 
ratio (SINR, is the ratio of signal to the noise and inter 
ference per bit). According to the error rate requirement of 
the system, the modulation modes of the signal are chosen 
according to the following equations: 
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0087) a) for 4QAM: 

(9) SINRh 
PoAM = d 2 9 

0088 where 
0089 b) for 16QAM: 

(10) 

0090, c) for 64QAM: 

Pos = o(V1.8SINR) (11) 

0.091 The modulation mode which has the largest trans 
mission rate and can meet the system error rate requirement 
will be chosen and the adaptive modulation mode parameter 
1 is determined and sent to the control unit A of the user 
terminal. 

0092. The specific process of the user terminal control 
ling with the above control information will be explained in 
detail. 

0093. In the present invention, the feedback of the control 
information can be realized by any common technologies. 
Generally, the control information is fed back in this way: 
the control information is coded and put in the specific 
control frame and afterwards, the control frame is processed 
Such as being channel coded and modulated, the signal then 
is up-converted to a radio frequency and sent to the user 
terminal. 

0094. Accordingly, after the user terminal receives the 
control information from the base-station, it will down 
convert the RF signal of the received signal to the baseband 
and then performs detection and decoding in order to obtain 
the control information and then the control information is 
sent to the control unit A. 

0.095 The control unit A of the user terminal sends the 
parameter C and the adaptive modulation mode parameter 
1 to the control unit B; and sends the parameter pil to the 
control unit C. 

0096. It should be noted that when the system adopts the 
spatial mapping mode with direct spatial mapping, the 
parameter T will be sent to the control unit C as the 
control information. 

0097 When the system adopts the spatial mapping mode 
with eigen-vector beam forming, the control unit A will 
compute the beamforming eigen-vector vi by using the 
channel information and will send Vi to the control unit C 
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as the control information. While when the system adopts 
the spatial mapping mode with direct spatial mapping, the 
control unit A will not compute the beam forming eigen 
vector V. 
0098. Then the control unit B will modulate the signal 
using the received adaptive modulation mode parameter 1 as 
the control information and the modulation modes can be 
any of the above QPSk, 16-QAM and 64-QAM. The modu 
lation mode adopted in the present invention is well known 
to those skilled in the art and will not be described in detail. 

0099. At the same time, the control unit Ballocates the 
symbols from the forward-error-correction unit to different 
Subcarriers according to the parameter C. 
0.100 The control unit C includes power allocation units 
each corresponding to one of the multiple signal streams 
from the control unit B (each signal stream is on one 
Subcarrier), and a spatial mapping unit, which can be an 
eigen-vector beam forming unit or a direct spatial mapping 
unit. 

0101 Each power allocation unit performs the signal 
power adjusting on signal stream on the corresponding 
subcarrier according to the parameter P and sends the 
processed signal stream to the spatial mapping unit. The 
power allocation ratio obeys the parameter Pt 
0102) The spatial mapping unit obtains the signal streams 
from each power allocation unit and performs the spatial 
mapping processing according to different spatial mapping 
modes and maps the signal streams on different Subcarriers 
to the corresponding antennas. 
0.103 Specifically, the spatial mapping unit maps the 
signal streams on different Subcarriers according to the 
direct mapping mode or the eigen-vector beam forming 
mapping mode. 
0.104 i) If the direct mapping mode is adopted, the 
control unit C receives Tand maps the signal streams on 
different subcarriers to the antennas according to T. At 
this time, the number of the signal streams is the same as the 
number of the transmitting antennas and the number of the 
signal streams is determined according to the parameter 
Tiki 
0105 ii) If the eigen-vector beam forming mapping mode 

is adopted, the control unit C performs the signal processing 
of the eigen-vector beam forming on signal streams on 
different subcarriers according to v. At this time, the 
spatial mapping processing of the signal streams is deter 
mined according to the parameter V. 
0106 Then the Inverse Discrete Fourier Transform units 
generate the signal for orthogonal frequency division mul 
tiple-access, and then insert the cyclic prefix in the modu 
lated signal. 
0.107 Then each RF front-end among the multiple RF 
front-ends up-converts the corresponding baseband signal 
with cyclic prefix to create the corresponding RF signal, 
which will be transmitted from the corresponding transmit 
ting antenna. 
0.108 FIG. 2 is a diagram showing architecture of a 
receiver in a base-station in a communication system of 
dynamic space-frequency-division multiple-access for 
uplink from terminals to a base-station. 
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0109 Firstly, the RF front-end of the base-station down 
converts the signal received from the antenna and gets the 
corresponding baseband signal. 
0110. Then, the Cyclic-Prefix-Remove-and-Fast-Fourier 
Transform unit removes the cyclic prefix of each signal and 
Fourier-transforms each signal (each corresponding to one 
subcarrier). 
0111. In the processing unit A shown in FIG. 2, the 
signals after the Fourier transformation are mapped accord 
ing to R and then the mapping results are sent to the 
corresponding beam forming receiving units in the process 
ing unit B. The processing unit C shown in FIG. 2 performs 
multiuser signal detection on the Subcarriers from the beam 
forming receiving units respectively. 

0112 Then the multiuser detection results of different 
subcarriers are parallel-series transformed in the parallel 
series transform unit. The signals of different users are 
decoded in the FEC decoding unit respectively, then the 
signal process is finished. The modulation mode parameter 
1 of different space frequency channel of each user and the 
subset R of receiving antennas of different subcarriers are 
the control variables adopted by the base-station receiver 
when it processes the signals. 

0113 FIG. 3 and FIG. 4 show simulation results of 
overall system capacity when a wireless communication 
uplink is in different control methods. They show the overall 
communication capacity of the system under the cellular 
wireless communication uplink control method described in 
the present invention and computed with a Monte Carlo 
method. They also show the comparison of the system 
capacity with that under other control methods. 
0114. The simulation computation compares the four 
kinds communication system mechanisms, including the 
present invention. The notation, DSFDMA, represents the 
preferred communication method in the present invention, 
which is the dynamic space-frequency division multiple 
access communication adopting the beam forming computa 
tion recommended in the present invention. The notation, 
DSFDMA with optimal BF, represents the dynamic space 
frequency division multiple-access of the present invention 
adopting an optimum beam forming computation. 

0115 Adaptive OFDMA with BF (adaptive orthogonal 
frequency division multiple-access with beam forming 
method) represents the scenario when the multicarrier trans 
mission adopts the beam forming with adaptive power con 
trol. The difference is that this solution allocates frequency 
resource to users equally and sequentially though it employs 
an adaptive power control, while the present invention 
allocates the frequency and spatial resource and the power 
jointly and in the same time takes into account the adaptive 
antenna selection method of different subcarriers. 

0116 Conventional OFDMA with Tx Diversity (adaptive 
orthogonal frequency division multiple-access with trans 
mitting antenna diversity) represents allocating frequency 
resource to the users sequentially and equally and allocating 
equal power to different users. 
0117. In FIG. 3, the simulated system capacity is com 
puted under the following scenario: the number of the users 
is 10, the number of the subcarriers is 10, the priority of the 
users is (1, 1, 1, 1, 1, 1, 1, 1, 1, 1) (i.e. all users have the 
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same priority), the number of the transmitting antennas of 
each user is 3, the number of the receiving antennas of the 
base-station is 4. 

0118. In FIG. 4, the simulated system capacity is com 
puted with the following scenario: the number of the users 
is 12, the number of the subcarriers is 8, the priority of the 
users is (1, 1, 1, 1, 1, 1, 1, 1, 1, 1) (i.e. all users have the 
same priority), the number of the transmitting antennas of 
each user is 3, the number of the receiving antennas of the 
base-station is 4. 

0119 FIG. 3 and FIG. 4 show that the proposed commu 
nication method adopting the simplified beam forming com 
putation method recommended by the present invention is 
asymptotically close to the one adopting the optimum beam 
forming computation method. The simplified beam forming 
computation method benefits the feasibility of the system so 
that it can well handle the fast changes of the channel, noise 
and interference. The characteristics of the present invention 
will be more obvious when the numbers of the users and 
subcarriers are comparable or when the number of the users 
is larger than that of the Subcarriers. For the same antenna 
configuration, the overall system capacity under the control 
method of the present invention is higher than those of the 
following two methods: 1) a method for allocating fre 
quency resource to the users equally and sequentially at any 
transmission time interval and with adaptive power control 
for different subcarrier; 2) a method allocating frequency 
resource to the users sequentially and equally and allocating 
same power to different users. 
0.120. The present invention takes into account and makes 
use of the characteristics of uplink multiuser space-time 
channel and statistical information of interference or noise. 
The signal transmitting control method adaptively and 
dynamically adjusts according to different spatial-temporal 
channel conditions and makes a full use of the diversity of 
channels due to multi-users, multi-carriers and multi-anten 
nas. The Solution of the present invention enhances the 
overall system capacity and enables the cellular wireless 
communication uplink to support more users at the same 
time. 

0.121. At the same time, the present invention provides 
the function of priority setting for users and improves the 
system flexibility. This function provides the control layer 
above the physical layer with a flexible priority control port. 
0.122 Further, the adaptivity of the wireless uplink trans 
mission method is feasible to the system for the non-licensed 
spectrum or needing flexible frequency adjustment. 

1. A communication system of dynamic space-frequency 
division multiple-access for uplink from terminals to a 
base-station, comprising a base-station and multiple termi 
nals, wherein, 

the base-station, according to different spatial mapping 
modes, performs an optimization computation using an 
optimization function in order to obtain control infor 
mation for controlling terminals; 

the user terminal, after receiving the control information, 
controls the transmitting mode using the control infor 
mation. 



US 2007/0291640 A1 

2. The system according to claim 1, wherein 
when the spatial mapping mode is the direct mapping, the 

following equation is used to perform optimization 
computation: 

W 

{Tiki), R.J. C., P.R.: = arg 3X X) is 
{Tik.I.R.I.C. Pik. i=l 

where Trepresents the set of the transmitting antennas 
used by the K" terminal on the i' subcarrier; 

R represents the set of the receiving antennas used by 
the base-station on the i' subcarrier; 

C. represents the set of the subcarriers used by the K" 
terminal; 

Prepresents the transmitting power of the K" terminal 
on the i' subcarrier; 

Y is the priority coefficient of the K" user, 
when the channel has a full column rank: 

Piki a-H 
det 'Ril -- - - - H.R.H. ('ral -- 

|Tiki IK-(i) 
{k a lo -l 

PLi,i) r, y Hi Hill 
jet; itk |Till K.) 

IR represents the unit matrix (square matrix) and the size 
of the matrix is R. His the submatrix correspond 
ing to the antenna selection according to the channel 
matrix; K is the covariance matrix of the noise on the 
th subcarrier; Hill" is the conjugate transpose of the 
Hji 

when the channel is not a full column rank: 

det K. + X (, hull. i if iki 
|Tiki IK-ti) jet; 

At a log- H -, 

Cs F 

R; a X. |Tiki 
keU; 

where P represents the overall power of each subcarrier 
of the K" user; 

F represents the constraint value of the number of sub 
carriers. 
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3. The system according to claim 2, wherein the control 
information comprises: a set of transmitting antennas used 
by the each terminal on each Subcarrier, a set of receiving 
antennas used by a base-station on each Subcarrier, a set of 
Subcarriers used by each terminal, transmitting power of 
each terminal on each Subcarrier and a modulation mode 
used by each terminal on each Subcarrier. 

4. The system according to claim 1, wherein 
when the spatial mapping mode is the eigen-vector beam 

forming, the following equation is used to perform 
optimization computation: 

W 

{R. C., Piki} = arg max X) is 
{R.I.C. Piki)} - 

R represents the set of the receiving antennas used by 
the base-station on the " subcarrier; 

C. represents the set of the subcarriers used by the K" 
terminal; 

Prepresents the transmitting power of the K" terminal 
on the i' subcarrier; 

Y is the priority coefficient of the K" user, 
when the channel has a full column rank: 

{k a X. log 
ie C. 

H H \l to tak" (or X. think it.) | jeti.itk 

I represents the unit matrix (square matrix) and the size Rill 
of the matrix is R. His the channel matrix of the 
K" terminal on thei" subcarrier; K- is the covariance 
matrix of the noise on the i' subcarrier; K. is the 
covariance matrix of the jth terminal signal on the i'" 
Subcarrier; H i" is the conjugate transpose of the Hi 

when the channel is not a full column rank: 

H ex -- X. Hj. K. H. jet; 
At a X. log 

d ie C H ie-k Kint X Hill KHA) 
jeti.itk 

the constraints are: 

ie C. 

C - F 

R; a X. Tiki 
keUi 



US 2007/0291640 A1 

where Tr represents the matrix trace computation; 
P represents the constraints value of the overall power of 

each subcarrier of the K" user; 
F represents the constraint value of the number of sub 

carriers. 
5. The system according to claim 4, wherein, when the 

spatial mapping mode is the eigen-vector beam forming, the 
control information comprises: a set of receiving antennas 
used by a base-station on each Subcarrier, a set of Subcarriers 
used by each terminal, transmitting power of each terminal 
on each Subcarrier and a modulation mode used by each 
terminal on each Subcarrier. 

6. The system according to claim 3, wherein the trans 
mitter comprises a forward-error-correction unit, a first 
control unit, a second control unit, a third control unit, 
multiple Inverse Discrete Fourier Transform units, multiple 
RF front-ends and transmitting antennas each connected 
with a corresponding RF front-end, 

the first control unit is for receiving the control informa 
tion from the base-station and for transmitting the set of 
the Subcarriers and the adaptive modulation mode to 
the second control unit, and for transmitting the trans 
mitting power of the terminal on each Subcarrier and 
the set of the transmitting antennas on each Subcarrier 
to the third control unit; 

the forward-error-correction unit is for forward-error 
correcting the user data, series-parallel transforming 
the user data and mapping the user data into predefined 
symbols; 

the second control unit is for modulating the symbols 
from the forward-error-correction unit respectively 
according to the control information received from the 
first control unit, for allocating the symbols from the 
forward-error-correction unit to different subcarriers 
according to the control information received from the 
first control unit; 

the third control unit comprises multiple power allocation 
units and a spatial mapping unit, wherein the power 
allocation units are for performing the signal power 
adjusting on signal streams on the corresponding Sub 
carriers according to the control information received 
from the first control unit, and the spatial mapping unit 
is for mapping the power adjusted signal streams on 
different Subcarriers to the corresponding antennas 
according to the control information received from the 
first control unit; 

each of the Inverse Discrete Fourier Transform units 
generates the signal for orthogonal frequency division 
multiple-access on the signal streams, which are trans 
mitted from the corresponding antennas and inputted 
from the third control unit, and then adds the cyclic 
prefix to the modulated signal; 

each RF front-end among the multiple RF front-ends 
receives the corresponding baseband signal with cyclic 
prefix and up-converts the received baseband signal to 
the corresponding RF signal, which is transmitted from 
the corresponding transmitting antenna. 

7. The system according to claim 5, wherein the trans 
mitter comprises a forward-error-correction unit, a first 
control unit, a second control unit, a third control unit, 
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multiple Inverse Discrete Fourier Transform units, multiple 
RF front-ends and transmitting antennas each connected 
with a corresponding RF front-end, 

the first control unit is for receiving the control informa 
tion from the base-station and for sending the set of the 
Subcarriers and the adaptive modulation mode to the 
second control unit as the control information, and for 
computing the beam forming vector according to the 
channel information and for sending the beam forming 
vector and the transmitting power of the terminal on 
each subcarrier to the third control unit as the control 
information; 

the forward-error-correction unit is for forward-error 
correcting the user data of the terminal, series-parallel 
transforming the user data and mapping the forward 
error-corrected user data into predefined symbols; 

the second control unit is for modulating the symbols 
from the forward-error-correction unit respectively 
according to the control information from the first 
control unit, for allocating the symbols from the for 
ward-error-correction unit to different subcarriers 
according to the control information from the first 
control unit; 

the third control unit comprises multiple power allocation 
units and a spatial mapping unit, wherein the power 
allocation units are for performing the signal power 
adjusting on signal streams on the corresponding Sub 
carriers according to the control information from the 
first control unit, and the spatial mapping unit is for 
performing the eigen-vector beam forming on the 
power adjusted signal streams on different Subcarriers 
according to the control information from the first 
control unit; 

each of the Inverse Discrete Fourier Transform units 
generates the signal for orthogonal frequency division 
multiple-access, which are transmitted from the corre 
sponding antennas and inputted from the third control 
unit, and then adds the cyclic prefix to the modulated 
signal; 

each RF front-end among the multiple RF front-ends 
up-converts the corresponding baseband signal with 
cyclic prefix to the corresponding RF signal, which is 
transmitted from the corresponding transmitting 
antenna. 

8. A communication method of dynamic space-frequency 
division multiple-access for uplinks from terminals to a 
base-station, comprising the following operations: 

at the base-station, performing an optimization computa 
tion using an optimization function according to dif 
ferent spatial mapping modes, in order to obtain control 
information for controlling terminals; 

at the terminal, controlling a transmitting mode using the 
control information after receiving the control infor 
mation. 

9. The method according to claim 8, wherein 

when the spatial mapping mode is the direct mapping, the 
following equation is used to perform optimization 
computation: 
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W 

{Tiki), R.J. C., P.R.: = arg 3X X) is 
{Tik.I.R.I.C. Pik. 5-1 

Trepresents the set of the transmitting antennas used 
by the K" terminal on the 1 subcarrier; 

R represents the set of the receiving antennas used by 
the base-station on the i' subcarrier; 

C. represents the set of the subcarriers used by the K" 
terminal; 

prepresents the transmitting power of the K" terminal 
on the i' subcarrier; 

Y is the priority coefficient of the K" user, 
when the channel has a full column rank: 
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Subcarriers used by each terminal, transmitting power of 
each terminal on each Subcarrier and a modulation mode 

used by each terminal on each Subcarrier. 
11. The method according to claim 8, wherein 

when the spatial mapping mode is the eigen-vector beam 
forming, the following equation is used to perform 
optimization computation. 

W 

{R), C. P..) = arg, max X) is {R.I.C. p. 7-1 

R represents the set of the receiving antennas used by 
the base-station on the " subcarrier; 

C. represents the set of the subcarriers used by the K" 
terminal; 

Pki H Pii H At a logdell *(iii. fift 'Rit y Hill H. |Tiki K-(i) Till K-6) ie C jeti.itk 

r represents the unit matrix (square matrix) and the size 
of the matrix is R. His the Submatrix correspond 
ing to the antenna selection according to the channel 
matrix; K is the covariance matrix of the noise on the 
th subcarrier; Hill" is the conjugate transpose of the 
Hji 

when the channel is not a full column rank: 

Cs F 

R; a X. |Tiki 
keU; 

where P represents the overall power of each subcarrier 
of the K" user; 

F represents the constraint value of the number of sub 
carriers. 

10. The method according to claim 9, wherein the control 
information comprises: a set of transmitting antennas used 
by the each terminal on each Subcarrier, a set of receiving 
antennas used by a base-station on each Subcarrier, a set of 

prepresents the transmitting power of the K" terminal 
on the i' subcarrier; 

Y is the priority coefficient of the K" user, 
when the channel has a full column rank: 

(Roll -- (Hr. Krk. HE) 
At a log det H 

K+ X Hill KHA) ie C jeti.itk 

I represents the unit matrix (square matrix) and the size Rill 
of the matrix is R. His the channel matrix of the 
K" terminal on thei" subcarrier; K- is the covariance 
matrix of the noise on the i' subcarrier; K. is the 
covariance matrix of the jth terminal signal on the i'" 
Subcarrier; H i" is the conjugate transpose of the Hi 

when the channel is not a full column rank: 

H ex -- X. Hii) Kril H. jet; 
At a X. log 

d ie C H ie-k Kint X, H.K.H. 
jeti.itk 

the constraints are: 

ie C. 

C - F 

R; a X. Tiki 
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where Tr represents the matrix trace computation; 
P represents the constraints value of the overall power of 

each subcarrier of the K" user; 
F represents the constraint value of the number of sub 

carriers. 
12. The method according to claim 11, wherein, 
when the spatial mapping mode is the eigen-vector beam 

forming, the control information comprises: a set of 
receiving antennas used by a base-station on each 
Subcarrier, a set of Subcarriers used by each terminal, 
transmitting power of each terminal on each Subcarrier 
and a modulation mode used by each terminal on each 
Subcarrier. 

13. The method according to claim 10, wherein the second 
step comprises the following steps: 

forward-error-correcting the user data of the terminal, 
series-parallel transforming the user data and mapping 
the forward-error-corrected user data into predefined 
symbols; 

modulating the symbols respectively according to the 
control information, and allocating the predefined sym 
bols to different subcarriers according to the control 
information; 

performing the signal power adjusting on signal streams 
at the corresponding Subcarriers according to the con 
trol information, and mapping the power adjusted sig 
nal streams on different subcarriers to the correspond 
ing antennas according to the control information; 

performing the orthogonal multicarrier modulation on the 
signal streams, which are mapped to different transmit 
ting antennas, and then adding the cyclic prefix to the 
modulated signal; 
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up-converting each signal stream with cyclic prefix to a 
corresponding RF signal, which is transmitted from the 
corresponding transmitting antenna. 

14. The method according to claim 12, wherein the second 
step comprises the following steps: 

forward-error-correcting the user data of the terminal, 
series-parallel transforming the user data and mapping 
the forward-error-corrected user data into predefined 
symbols; 

modulating the symbols respectively according to the 
control information, i.e. the adaptive modulation mode, 
and allocating the symbols to different subcarriers 
according to the control information, i.e. the set of the 
subcarriers used by the terminal; 

performing the signal power adjusting on signal streams 
on the corresponding Subcarriers according to the con 
trol information, and performing the eigen-vector 
beam forming on the power adjusted signal streams on 
different subcarriers according to the control informa 
tion; 

performing the orthogonal multicarrier modulation on the 
signal streams respectively, which are processed by the 
beam forming, and then adding the cyclic prefix to the 
modulated signal; 

up-converting each signal stream inserted with a cyclic 
prefix to a corresponding RF signal, which is transmit 
ted from the corresponding transmitting antenna. 


